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(54) Friction stir welding apparatus 

(57) A friction agitation joining apparatus for joining 
a plurality of abutted mennbers includes rotatable chuck- 
ing portions for chucking opposite ends of the abutted 
members while axially pressing the members, a sup- 
porting roller for supporting the members, a driving 
motor for rotating the abuttea members about an axis 



thereof, and a joining device having a rotatable probe 
disposed adjacent to an abutted portion of the abutted 
members. The probe softens and agitates the abutted 
portion of the abutted members to join ther i in accord- 
ance with a rotation thereof. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] This invention relates to a friction agitation 
joining apparatus for joining an abutted portion of metal- 
lic members to be joined used for an automobile sus- 
pension arm and the like. 

2. Description of Related Art 

[0002] In recent years, a friction agitation joining 
method, one type of solid joining methods, has been 
developed in place of a melt welding method such as a 
TIG weiding (Tungsten-Inert-Gas arc welding) and a 
MIG welding (Metal electrode inert Gas welding), or a 
brazing. In this friction agitation joining method, a rotat- 
ing probe is inserted into an abutted portion of the abut- 
ted members and advanced along the abutted portion 
while softening and agitating the abutted portion by fric- 
tion heat. Alternatively, the abutted members are moved 
so that the probe advances along the abutted portion. 
According to this friction agitation joining method, since 
the heat quantity input into a joining portion is very 
small, cracks due to heat are prevented from being gen- 
erated. Also, since the joining portion becomes uniform 
in material due to the agitation and mixture thereof and 
no composition change occurs, the joining portion has a 
sufficient rigidity and strength. 

[0003] For example, Japanese Unexamined Laid- 
open Patent Publication No. 10-180467 discloses a 
conventional friction agitation joining apparatus for join- 
ing columnar members abutted each other (see Fig. 5). 
[0004] This apparatus includes supporting rollers 
53, 53, 54 for supporting and rotating first and second 
abutted pipe members 51 . 52, pressing rollers 55, 55 for 
pressing the first and second abutted pipe members 51 , 
52 toward the supporting rollers 53, 53, 54, a joining 
device 57 having a probe 66 for generating friction heat 
at the abutted portion of the first and second abutted 
pipe members 51 , 52 and a head 59 having a detacha- 
ble spindle 58 for rotating the joining device 57. The 
head 59 and the pressing rollers 55, 55 are adjustable in 
height in accordance with the diameter of the first and 
second abutted pipe members 51, 52. 
[0005] The joining method of the pipe members 
according to this apparatus will be explained. The first 
and second pipe members 51. 52 are placed on the 
supporting rollers 53, 53, 54 in an abutted state. The 
abutted portion of the first and second pipe members 
51 , 52 is positioned so as to align with the joining device 
57. Furthermore, the pressing rollers 55. 55 press the 
first and second pipe members 51 , 52 toward the sup- 
porting rollers 53, 53, 54. In this state, the tip of the 
rotating probe 56 of the joining device 57 is pressed 
onto the abutted portion of the first and second pipe 



members 51 , 52, which generates friction heat by the 
friction between the rotating probe 56 and the abutted 
portion to soften the abutted portion. Then, the first and 
second pipe members 51, 52 are rotated about the axis 

5 thereof by the supporting roller 54, resulting in an 
advance movement of the probe 56 relative to the pipe 
members 51, 52 along the abutted portion thereof. 
Therefore, the abutted portion is softened along the cir- 
cumference thereof. As the probe 56 advances along 

10 the circumference of the abutted portion relative to the 
pipe members 51, 52, the softened metal of the abutted 
portion is agitated by the rotation of the probe 56 and 
moves behind the probe 56 to be solidified by the quick 
loss of the heat. Thus, the first and second pipe mem- 

75 bers 51 , 52 are joined at the abutted portion. 

[0006] As mentioned above, the friction joining is 
conducted by advancing the probe 56 relative to the 
abutted portion while rotating the first and second pipe 
members 51, 52 about the axis thereof by the support- 

20 ing roller 54. Thus, the first and second pipe members 
51, 52 can be joined. 

[0007] However, in the aforementioned apparatus, 
although the first and second pipe members 51 , 52 are 
supported by the supporting rollers 53, 53, 54 and 

25 pressed by the pressing rollers 55, 55 toward the sup- 
porting rollers to restrict the up-and-down movement of 
the pipe members, the axial movement of the first and 
second pipe members 51 , 52 are not restricted. There- 
fore, if a slippage occurs between the supporting roller 

30 54 and at least one of the first and second pipe mem- 
bers 51 , 52 during the rotation of the first and second 
pipe members 51, 52 by the supporting roller 54, a dif- 
ference in rotational rate occurs between the first and 
second pipe members 51 , 52. Also, even if the first and 

35 second pipe members 51 , 52 are disposed on the sup- 
porting rollers 53, 53, 54 so as not to form a gap at the 
abutted portion, a gap may be formed at the abutted 
portion during the joining process due to the vibration of 
the supporting rollers 53, 53, 54 and/or the pressure of 

40 the probe 56. In pa.rticularly, the aforementioned prob- 
lems occur more easily In a case where three or more 
abutted members are joined by the apparatus. 

SUMMARY OF THE INVENTION 

45 

[0008] The present invention is made to solve the 
aforementioned problems. 

[0009] It is an object of the present invention to pro- 
vide a friction agitation joining apparatus which can join 
50 abutted members while rotating the abutted members 
without generating a difference in rotational rate there- 
between and a gap at the abutted portion of the mem- 
bers. 

[0010] In order to attain the aforementioned 
55 objects, according to the present invention, a friction 
agitation joining apparatus for joining a plurality of abut- 
ted members, the friction agitation joining apparatus 
includes rotatable chucking portions for chucking oppo- 



2 



3 

site ends of the abutted members while axlally pressing 
the abutted members, a supporting roller for supporting 
the abutted members, a driving motor for rotating the 
abutted members about an axis thereof, and a joining 
device having a rotatable probe disposed adjacent to an 5 
abutted portion of the abutted members, wherein the 
probe softens and agitates the abutted portion to join 
the abutted members in accordance with a rotation of 
the abutted members. 

[0011] W'tth this apparatus, since the abutted mem- 10 
bers are rotated about the axis thereof by the chucking 
portions which axially presses the abutted members, a 
difference in rotational rate among/between the abutted 
members and a gap in the abutted portion of the abutted 
members are prevented from occurring during the join- is 
ing process of the abutted members. 
[001 2] At least one of the chucking portions may be 
rotated by the driving motor to rotate the abutted menrv 
bers chucked by the chucking portions about the axis of 
the abutted members. With this structure, the rotation of 20 
the driving motor is assuredly transmitted to the abutted 
members, so that the abutted niembers are rotated 
about the axis thereof at any desired rotational rate. 
Therefore, various abutted members made of various 
materials can be joined by the apparatus. 25 
[001 3] The supporting rollers may be rotated by the 
driving motor to rotate the abutted members about the 
axis of the abutted members. With this structure, the 
rotation of the driving motor is transmitted to the abutted 
members, so that the abutted members are rotated 30 
about the axis thereof. 

[001 4] It is preferable that the supporting rollers are 
movable in a direction of the axis of the abutted mem- 
bers. With this structure, the supporting rollers can be 
disposed in accordance with the length of the abutted 35 
members to hold the whole abutted members horizon- 
tally. 

[001 5] It is preferable that the supporting rollers are 
capable of ascending and descending. With this struc- 
ture, the supporting rollers can be adjusted its height in 40 
accordance with the outer diameter of the abutted mem- 
bers, so that the abutted members are supported hori- 
zontally. 

[0016] it is preferable that the supporting rollers 
include a pair of rollers symmetrically disposed so as to 45 
rotatably support the abutted members at two points 
such that a predetermined angle is formed between the 
pair of rollers relative to the axis of the abutted mem- 
bers. With this structure, the abutted members are 
steadily supported. so 
[0017] It is preferable that a pressing roller for 
downwardly pressing the abutted members is further 
provided. With this structure, the abutted members can 
be more steadily supported. 

[0018] A punching^device having a punch may be ss 
provided for punching an opening Into the abutted mem- 
bers at the same time, before or after the abutted mem- 
bers are joined. With this structure, a punch opening 
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can be formed in the abutted members on or 
before/after joining the abutted members. 
[0019] It is preferable that at least one of the chuck- 
ing portions is shiftabte toward the other chucking por- 
tion to axially press the abutted members. With this 
structure, the abutted members are assuredly and eas- 
ily pressed in the axial direction thereof. 
[0020] It is preferable that the driving motor is pro- 
vided in the chucking portion. With this structure, the 
rotation of the driving motor is immediately transmitted 
to the chucking portion and an installation space for the 
driving motor can be saved. 

[0021] It is preferable that the joining device is 
capable of ascending and descending. With this struc- 
ture, the joining process can be performed by descend- 
ing and ascending the joining device. 
[0022] The abutted members may include at least 
one of a yoke member and a bush mounting member. 
With this structure, an arm member including at least 
one of the yoke member and the bush mounting mem- 
ber, such as an automobile suspension arm member, 
can be manufactured. . . - 
[0023] The abutted members may be made of alu- 
minum or aluminum alloy, which enables a manufactur- 
ing of a member made of aluminum or aluminum alloy. 

BRIEF DESCRIPTION OF DRAWINGS 

[0024] The above and other objects, features, and 
advantages of the present invention will be apparent 
from the following detailed description of the preferred 
embodiment with reference to the attached drawings, 
wherein: 

Rg. 1 is a side view showing an embodiment 
according to the present invention; 
Fig. 2 is a plan view of the abutted members placed 
on supporting rollers; 

Rg. 3 is a cross-sectional view of the center of the 
main member; 

■Fig. 4 is an enlarged perspective view of the abut- 
ted portion of the main member and the yoke mem- 
ber; and 

Fig. 5 is a side view of a conventional friction agita- 
tion joining apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0025] A friction agitation joining apparatus accord- 
ing to an embodiment of the present invention will be 
explained with reference to Figs. 1 to 4. 
[0026] In this embodiment, a suspension arm mem- 
ber 4 used for an automobile or the like is manufactured 
by joining a main member 1 , a yoke member 2 and a 
bush mounting member 3. 

[0027] The main member 1 is manufactured by cut- 
ting an aluminum extruded pipe having a hollow portion 
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1 a to have a predetermined length in the direction of 
extrusion. The outer circumference of both ends of the 

main member 1 is formed so as to coincide with the 
outer diameter of the yoke member 2 and that of the 
bush mounting member 3. 

[0028] The yoke member 2 is manufactured by cut- 
ting an aluminum extruded article to have a predeter- 
mined thickness in the direction of extrusion. One end of 
the yoke member 2 is formed to have a cross -sectional 
U-shape and the other end of the yoke member 2 is 
formed to have a columnar shape. At the center of the 
end surface to which the main member 1 is to be con- 
nected, a convex portion 2a having approximateiy the 
same diameter as that of the hollow portion 1a of the 
main member 1 is provided so as to be forcibly fitted into 
the hollow portion 1 a of the main member 1 . 
[0029] The bush mounting member 3 is manufac- 
tured by cutting an aluminum extruded article to have a 
predetermined thickness in the direction of extrusion. 
The bush mounting member 3 has an opening 3a of a 
circular cross-section for mounting a cylindrical vibroi- 
solating bush (not shown). The end portion to which the 
main member 1 is to be connected is formed to have a 
columnar shape at a predetermined distance from the 
opening 3a. At the center of the end surface to which 
the main member 1 is to be connected, a convex portion 
3b having approximately the same diameter as that of 
the hollow portion 1 a of the main member 1 is provided 
so as to be forcibly fitted into the hollow portion 1 a of the 
main member 1 . The reason for having a predetermined 
distance between the opening 3a of the bush mounting 
member 3 and the end portion to which the main mem- 
ber 1 is to be connected is to form a punched opening 
3c by a punch 14, 

[0030] Next, the friction agitation joining apparatus 
according to the present invention wilt be explained. 
[0031] As shown in Fig. 1. the reference numeral 5 
denotes a base member Provided on the base member 
5 are three supporting members 6. 7. 8 for supporting 
three abutted members 1.2.3 and right and left rotating 
devices 9, 10 for rotating the abutted members 1, 2. 3 
about the axis thereof. 

[0032] The central supporting member 6 located at 
the center of the main member 1 is movable in the lon- 
gitudinal direction of the base member 5 and capable of 
ascending and descending, and includes a forked sup- 
porting roller bracket 6a and a pair of supporting rollers 
6b. 6b rotatably provided to the supporting roller bracket 
6a. As shown in Fig. 3. the supporting rollers 6b. 6b are 
disposed so as to rotatably support the main member 1 
at two points such that a predetenmined angle 8 is 
formed between the supporting rollers 6b. 6b relative to 
the axis of the main member 1 . 

[0033] As shown in Fig. 1, the right supporting 
member 7 located at the abutted portion 22 of the main 
member 1 and the yoke member 2 includes a forked 
supporting roller bracket 7a movable in the longitudinal 
direction of the base member 5 and capable of ascend- 



ing and descending, and four supporting rollers 7b, 7b 
rotatably provided to the supporting roller bracket 7a. 
Two pairs of the supporting rollers 7b, 7b, like the central 
supporting rollers 6b, 6b, are disposed so as to rotatably 

5 support a right large diameter portion lb of the main 
member 1 and the yoke member 2 at two points such 
that a predetermined angle 0 is formed between the 
supporting rollers relative to the axis of the main mem- 
ber 1. Tne right pair of the supporting rollers 7b, 7b and 

70 the left pair of the supporting rollers 7b, 7b are disposed 
at a predetermined distance in the axial direction, so 
that the abutted portion 22 of the main member 1 and 
the yoke member 2 does not touch the supporting roll- 
ers 7b. 7b when joining the abutted portion 22 and is 

15 located between the right pair of the supporting rollers 
7b, 7b and the left pair of the supporting rollers 7b, 7b. 
[0034] The left supporting member 8 located at the 
abutted portion 23 of the main member 1 and the bush 
mounting member 3 is capable of ascending and 

20 descending and movable in the longitudinal direction of 
the base member 5 and includes a forked supporting 
roller bracket 8a and four supporting rollers 8b, 8b rotat- 
ably provided to the supporting roller bracket 8a, Like 
the right supporting rollers 7b, 7b, the left supporting 

25 rollers 8b, 8b rotatably support the main member 1 and 
the bush mounting member 3 by two points. The pair of 
supporting rollers 8b, 8b at the bush mounting member 
side are formed to have a thin thickness so as to avoid 
a punch 1 4 at the time of forming a punched opening 3c 

30 in the middle of the bush mounting member 3. 

f0035] As mentioned above, the central supporting 
member 6. the right supporting member 7 and the left 
supporting member 8 are movable in the longitudinal 
direction of the base member 5 so as to be located in 

35 accordance with the length of the suspension arm 
member 4 to be manufactured. Also, the central sup- 
porting member 6, the right supporting member 7 and 
the left supporting member 8 are capable of ascending 
and descending so as to support the suspension arm 

40 member 4 horizontally irrespective of the shape differ- 
ent in diameter along the length thereof. 
[0036] The right rotating device 9 and the left rotat- 
ing device 1 0 are disposed on both ends of the base 
member 5 so as to face each other, having the support- 

45 ing members 6, 7, 8 therebetween. 

[0037] The bottom 9a of the right rotating device 9 
is fixed on the base member 5. The right rotating device 
9 is provided with a right chucking arm 1 1 rotatably pro- 
vided on the upper left side 9b and a driving motor 1 2 for 

50 rotating the right chucking arm 1 1 in the right rotating 
device 9. As shown in Rg. 2, the right chucking arm 1 1 
has a convex portion ha to be fitted in the U-shaped end 
portion of the yoke member 2 for assuredly chucking the 
yoke member 2. Accordingly, rotating the right chucking 

55 arm 1 1 by the driving motor 12 causes the yoke mem- 
ber 2 chucked by the right chucking arm 1 1 to be rotated 
about the axis thereof. 

[0038] The left rotating device 1 0 is disposed on the 
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base member 5 such that the device 10 is movable in 
the longitudinal direction of the base member 5. The left 
rotating device 10 is provided with a left chucking arm 
13 rotatably provided on the upper right side 10a of the 
device 10. The left chucking arm 13 has a concave por- 5 
tion 13a corresponding to the end portion of the bush 
mounting member 3 so as to assuredly chuck the bush 
mounting member 3. Thus, the movement of the left 
rotating device 10 toward the right rotating device 9 
while chucking the bush mounting member 3 by the left 70 
chucking arm 13 causes the convex portion 3b of the 
bush mounting member 3 and the convex portion 2b of 
the yoke member 2 to be forcibly fitted into the respec- 
tive left and right hollow portions 1 a of the main member 
1. 

[0039] A further movement of the left rotating 

device 10 toward the right rotating device 9 causes an 
appropriately pressurized state of the abutted portion 
22 of the main member 1 and the yoke member 2 and 
the abutted portion 23 of the main member 1 and the 20 
bush mounting member 3. Therefore, the rotation of the 
right chucking arm 11 of the right rotating device 9 
causes a rotation of the yoke member 2, the main mem- 
ber 1 and the bush mounting member 3 about the axis 
thereof due to the assured fitting thereof as well as the 25 
forcible fitting of the convex portions 2b, 3b into the hol- 
low portion la. 

[0040] The upper and lower walls of the left chuck- 
ing amn 13 are fomned longer than the side walls of the 
left chucking arm 1 3. In the upper and lower walls of the 30 
left chucking arm 13. punching holes 13b, 13b with 
approximately the same shape and diameter as those - 
of the punch 14 are formed. Above the punching hole 
13b, the punch 14 capable of descending and ascend- 
ing is provided to a punching device 30. Thus, when the 35 
punch 14 descends through the punching holes 13b, 
13b with the bush mounting member 3 chucked by the 
left chucking arm 1 3, a rectangular punched opening 3c 
is formed in the middle of the bush mounting member 3. 
At this time, the left chucking arm 13 functions as a die. 4o 
[0041] Above the supporting mertibers 6, 7, 8, a lift 
15 which descends and ascends while keeping the hor- 
izontal level is provided. The lift 15 is provided with three 
pressing members 16. 17. 18 for downwardly pressing 
the main member 1 supported by the supporting menn- 45 
bers 6, 7, 8. 

[0042] Among these pressing members, the central 
pressing member 16 located at the center of the lift 15 
includes a forked pressing roller bracket 1 6a movable in 
the longitudinal direction of the lift 15 and capable of so 
descending and ascending and a pressing roller 16b 
provided to the pressing roller bracket 16a. As shown in 
Fig. 3, the centra! pressing roller 1 6b is disposed above 
the rotating axis of the main member 1 so as to rotatably 
press the main member 1 at one point. 55 
[0043] Each of the right and left. pressing members 
17, 18 located at both ends of .the lift 15 includes a 
pressing roller bracket 17a. 18a movable in the right- 



and-left direction of the lift 15 and capable of descend- 
ing and ascending and a pressing rollers 17b, 18b pro- 
vided to the pressing roller bracket 17a, 18a. These 
pressing rollers 17b, 13b are provided above the rotat- 
ing axis of the main member 1 so as to press large 
diameter portions lb, 1c of the main member 1 at one 
point. 

[0044] Above the abutted portion 22 of the main 
member 1 and the yoke member 2, a joining device 19 
is provided. Similariy, above the abutted portion 23 of 
the main member 1 and the bush mounting member 3, 
a joining device 19 is provided. The joining device 19, as 
shown in Fig. 4, includes a columnar rotor 20 and a pin- 
like probe 21 with a smaller diameter than that of the 
rotor 20. The probe 21 is protruded from the end of the 
rotor 20 along the axis thereof. The rotor 20 and the 
probe 21 are made of the material which is harder than 
that of the main member 1 . the yoke member 2 and the 
bush mounting member 3 and can endure the heat gen- 
erated at the time of the joining. On the outer surface of 
the probe 21 . convex and concave portions (not shown) 
are fomned in order to facilitate the agitation of the mate- 
rials around the abutted portion. The reference numeral 
21a is a shoulder portion of the rotor 20. 
[0045] The aforementioned joining devices 19 are 
disposed above the abutted portions 22, 23 of the main 
member 1, the yoke member 2 and the bush mounting 
member 3 with the probes 21 facing downwardly. The 
joining device 19 is attached to a lift (not shown) so as 
to descend and ascend. By operating the lift, the probe 
21 is inserted into and pulled out of the abutted portion 
22, 23. Since the probe 21 is inserted toward the rotat- 
ing axis of the abutted members 1 , 2, 3, an insertion 
pressure at the time of the insertion of the probe 21 and 
a pressing pressure to the outer surface of the abutted 
members by the shoulder portion of the rotor 20 are 
directed toward the rotating axis of the abutted mem- 
bers 1 , 2, 3 from the insertion position of the probe 21 . 
[0046] Next, a friction agitation joining method 
using the aforementioned friction agitation joining appa- 
ratus will be explained. 

[0047] At first, the supporting members 6, 7, 8 are 
disposed on the predetermined positions of the base 
member 5. In detail, the supporting members 6. 7. 8 are 
disposed on the predetermined positions of the base 
member 5 such that the center of the main member 1 is 
supported by the central supporting member 6. the 
abutted portion 22 of the main member 1 and the yoke 
member 2 is located between the supporting rollers 7b, 
7b of the right supporting member 7 and the abutted 
portion 23 of the main member 1 and the bush mounting 
member 3 is located between the supporting rollers 8b, 
8b of the supporting member 8, At the same time, the 
pressing members 16, 17, 18 are disposed at a prede- 
termined portions of the lift 15 such that the pressing 
rollers 16b, 17b, 18b of the pressing menhbers 16, 17, 
18 are positioned above the supporting roller 6b of the 
supporting member e. the supporting roller 7b of the 
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supporting member 7 and the supporting roller 8b of the 
supporting member 8, respectively. 
[0048] The yoke member 2 is chucked by the right 
chucking arm 11 of the right rotating device 9 and 
placed on the right supporting roller 7b of the right sup- 
porting member 7 so as to dispose the yoke member 2 
at the predetermined position. In order to dispose the 
main member 1 at the predetermined position, the main 
member 1 is placed on the supporting rollers 7b, 6b, Bb 
of the supporting members 7, 6, 8. At this time, the con- 
vex portion 2a of the yoke member 2 has not been fitted 
In the hollow portion 1 a of the main member 1 , and the 
main member 1 and the yoke member 2 are disposed 
apart from each other. 

[0049] After the completion of disposing the yoke 
member 2 and the main member 1 , the bush mounting 
members is chucked by the left chucking arm 13 of the 
left rotating device 10. In this state, as the left rotating 
device 10 is shifted toward the right rotating device 9, 
the convex portion 3b of the bush mounting members is 
forcibly fitted into the hollow portion la of the main 
member 1 and the convex portion 2a of the yoke mem- 
ber 2 is forcibly fitted into the hollow portion la of the 
main member 1. As the left rotating device 10 further 
moves toward the right rotating device 9, the abutted 
portions 22. 23 of the abutted members 1 , 2, 3 are axi- 
ally pressed to be assuredly fttted each other. 
[0050] Then, the pressing members 16, 17, 18 are 
descended by the lift 15 so as to downwardly press the 
main member 1 by the pressing rollers 16b, 17b, 18b. 
Accordingly, the main member 1, the yoke member 2 
and the bush mounting member 3 are restricted to move 
in an up-and-down direction and a right-and-left direc- 
tion by the supporting members 6, 7, 8, the right and left 
rotating devices 9, 10 and the pressing members 16, 
17, 18. 

[0051] In this state, the punching device (not 
shown) is operated. The punch 14 provided to the 
punching device is inserted into and then pulled out of 
the punching holes 13b, 13b formed in the upper and 
lower walls of the left chucking arm 1 3 of the left rotating 
device 10, which forms the rectangular punched open- 
ing 3c in the middle portion of the bush mounting mem- 
ber 3 chucked by the left chucking arm 13. At this time, 
the left chucking arm 13 functions as a die. The 
punched opening 3c may be fomned after joining the 
abutted members. 

[0052] Next, in order to join the abutted portions 22, 
23 of the members 1, 2, 3 to be joined, the rotating 
probes 21 of the joining devices 19 descend by the lift 
(not shown) to insert into the abutted portions 22, 23 of 
the members 1, 2, 3. The insertion of the probes 21 , 21 
are performed until each shoulder portion 20a of the 
rotor 20 abuts and presses the surface of the abutted 
portion 22, 23. At this time, although a downward load is 
imparted to the abutted membere 1 . 2, 3 by the insertion 
pressure by the probe 21 as well as the pressing force 
by the shoulder portion 20a of the rotor 20. the bending 



of the abutted members 1 , 2, 3 is prevented by the sup- 
porting rollers 6b. 7b, 8b of the supporting members 6, 
7. 8. Therefore, the rotating axis of the abutted mem- 
bers 1 , 2, 3 is not deviated. 

5 [0053] In a state that the probe 21 is inserted into 
and the shoulder portion 20a of the rotor 20 is pressed 
onto the surface of the butted portions 22, 23, the abut- 
ted members 1 , 2, 3 are rotated about the axis thereof 
by the driving motor 1 2 such that the probe 21 advances 

10 along the abutted portions 22, 23. At this time, as men- 
tioned above, since the abutted portions 22, 23 of the 
abutted members 1 , 2, 3 are assuredly fitted each other 
by the pressing force of the left rotating device 10, the 
rotation of the right chucking arm 1 1 of the right rotating 

75 device 9 by the driving motor 12 causes an integral rota- 
tion of the yoke member 2, the main member 1 and the 
bush mounting member 3. 

[0054] By the friction heat generated by the rotation 
of the probe 21 and the shoulder portion 20a of the rotor 

20 20. the abutted members 1. 2, 3 are softened and agi- 
tated at the contact portion of the probe 21 and an 
approximate portion thereof. In accordance with the 
rotation of the abutted members 1, 2, 3, the softened 
and agitated portion is plasticity fluidized so as to fill up 

25 the passing groove of the probe 21, and then the sof- 
tened and agitated portion is cooled and solidified due 
to the rapid loss of the friction heat. This phenomenon Is 
repeated in accordance with the rotation of the abutted 
members 1 , 2, 3 to cause the joining of the abutted por- 

30 tions 23, 23 of the members 1 , 2, 3. resulting in a sus- 
pensin arm member 4. 

[0055] Thereafter, the restriction of the suspension 

arm member 4 by the pressing members 1 6, 1 7, 1 8, the 
right and left rotating devices 9, 1 0 is released to take 
35 out the suspension arm member 4 by a clamp member 
(not shown). 

[0056] As described above, since the yoke member 
2, the main member 1 and the bush mounting member 
3 are integrally rotated about the axis thereof due to the 

40 axial pressing of the members by the right and left rotat- 
ing devices 9. 10, a difference in rotational rate of the 
members and a gap between the members 1, 2, 3 due 
to the pressing pressure onto the abutted portions 22, 
23 or a slippage between the members 1 , 2, 3 and the 

45 supporting rollers 6b, 7b, 8b can be assuredly pre- 
vented. 

[0057] In this embodiment, since the right chucking 
arm 1 1 is rotated by the driving motor 12. the rotation of 
the driving motor 12 is assuredly transmitted to the 
50 abutted members 1.2,3. Thus, by changing the rota- 
tional rate of the driving motor 1 2, the abutted members 
1 . 2, 3 can be rotated about the axis thereof at any 
desired rotational rate. 

[0058] In this embodiment, the right chucking arm 
55 1 1 of the right rotating device 9 is rotated by the driving 
motor 12. However, the left chucking arm 13 of the left 
rotating device 10 may be rotated by the driving motor, 
or both chucking arms 11, 13 may be rotated by the 
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driving motor Alternatively, at least one of the support- 
ing rollers 6b, 7b, 8b of the supporting members 6, 7, 8 
may be rotated by the driving motor to rotate the abutted 

members 1, 2, 3. 

[0059] The present invention claims a priority based 
on Japanese Patent Application No. Hei 11 -11 2439 filed 
on April 20, 1 999. the content of which is incorporated 
hereinto by reference in its entirety. 
[0060] The terms and descriptions in this specifica- 
tion are used only for explanatory purposes and the 
present invention is not limited to these, but many mod- . 
ifications and substitutions may be made without 
departing from the spirit of the scope of the present 
invention which is defined by the appended claims. 

Claims 

1. A friction agitation joining apparatus for joining a 
plurality of abutted members, said friction agitation 
joining apparatus, comprising: 

rotatable chucking portions for chucking ojapo- 

site ends of the abutted members while axialiy 

pressing the abutted members; 

a supporting roller for supporting the abutted 

members; 

a driving motor for rotating the abutted mem- 
bers about an axis thereof; and 
a joining device having a rotatable probe dis- 
posed adjacent to an abutted portion of the 
abutted members, 

wherein said probe softens and agitates the 
abutted portion to join the abutted members in 
accordance with a rotation of the abutted mem- 
bers. 

2. The friction agitation joining apparatus as recited in 
claim 1, wherein at least one of said chucking por- 
tions Is rotated by said driving motor to rotate the 
abutted members about an axis of the abutted 
members. 

3. The friction agitation joining apparatus as recited in 
claim 1 . wherein said supporting roller is rotated by 

said driving motor to rotate the abutted members 
about an axis of the abutted members. 



prises a pair of rollers symmetrically disposed so as 
to rotatably support the abutted members at two 

points such that a predetermined angle is formed 
between said pair of rollers relative to the axis of the 
abutted members. 

7. The friction agitation joining apparatus as recited in 
claim 2 or 3, further comprising a pressing roller for 
downwardly pressing the abutted members. 

70 

8- The friction agitation joining apparatus as recited in 
claim 2 or 3, further comprising a punching device 
having a punch for punching an opening into the 
abutted members at the same time, before or after 
IS the abutted members is joined. 

9. The friction agitation joining apparatus as recited in 
claim 2 or 3. wherein at least one of said chucking 
portions is shiftable toward the other chucking por- 

20 tion to axialiy press the abutted members. 

10. The friction agitation joining apparatus as recited in... 
claim 2. wherein said driving motor is provided in 
said at least one of said chucking portion. 

25 

11. The friction agitation joining apparatus as recited in 
claim 2 or 3, wherein said joining device is capable 
of ascending and descending. 

30 12. The friction agitation joining apparatus as recited in 
claim 1 , wherein the abutted members include at 
least one of a yoke member and a bush mounting 
member. 

35 13. The friction agitation joining apparatus as recited in 
claim 1 , wherein the abutted members are made of 
aluminum or aluminum alloy. 



40 



45 



4. The friction agitation joining apparatus as recited in 
claim 2 or 3, wherein said supporting roller is mov- 
able in a direction of the axis of the abutted mem- so 

bers. 

5. The friction agitation joining apparatus as recited in 
claim 2 or 3. wherein said supporting roller is capa- 
ble of ascending and descending. ss 

■ 6. The friction agitation joining apparatus as recited in 
claim 2 or 3. wherein said supporting roller com- 
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FIG. 3 
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(54) Friction stir welding apparatus 

(57) A friction agitation joining apparatus for joining 
a plurality of abutted members includes rotatable chuck- 
ing portions for chucking opposite ends of the abutted 
members while axially pressing the members, a sup- 
porting roller for supporting the members, a driving 
motor for rotating the abutted members about an axis 



thereof, and a joining device having a rotatable probe 
disposed adjacent to an abutted portion of the abutted 
members. The probe softens and agitates the abutted 
portion of the abutted members to join them in accord- 
ance with a rotation thereof. 




FIG.1 



CL 
UJ 



Printed by Xerox (UK) Business Services 
2.16.7 (HRS)/3.5 



EP 1 046 453 A3 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 00 10 8578 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document wiffi indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPUCATION (inLCI.7) 



D.A 



PATENT ABSTRACTS OF JAPAN 

vol. 1998, no. 12, 

31 October 1998 (1998-10-31) 

-& JP 10 180467 A (AMADA CO LTD;AMADA ENG 

CENTER :KK), 7 July 1998 (1998-07-07) 

* abstract * 



1-13 



B23K20/12 
B23K37/053 



TEC iNICAL FIELDS 
SEAIjCHEO (im.CL7) 



B23K 



The present search report has been drawn up for all claims 



naoi at March 

THE HAGUE 



Dots Qt oompMion q( ffw war tfi 

8 December 2000 



Haegeman, M 



CATEGORY OF CfTED DOCUMEKTS 

X : partlctMafly nalevanl it taken aJone 

Y : paitlcularty relevant tt combined willi another 

docuinent of the same caiagoiy 
A : technological background 
O : non-wrtten cfiactosure 
P : Intemiediale document 



T : theory or pnrvipie underlying ttw invanlion 
E : earlier patent document, but published on. or 

alter ttte fiingdale 
O : document died In the appScation 
L : docunem cited lor other reasons 



& : member of the same patent tamiJy. corresponding 
docwnent 



2 



EP 1 046 453 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 00 10 8578 



This annex lists the patent famtiy membersrelating to the patent documents cited in the above-men tioned European search report. 
The members are as contained In the European Patent Ottice EDP file on 

The European Patent Office is in no way liable for these particulars which are meiely given for the purpose of information. 

08-12-2000 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



JP 10180467 



07-07-1998 



NONE 



0 

lu For more details about this annex : see OfficiaJ Journal of the European Patent Office. No. 12/82 



3 



THIS PAGE BLANK (uspto) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the apphcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

} 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



El LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: " '■■ - 

IMAGES ARiE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 





THIS PAGE BLANK (uspto) 



